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Orientational order in gravity dispersed clay colloids: A synchrotron x-ray scattering study
of Na fluorohectorite suspensions
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Colloidal suspensions of clay particles in agueous salt solutions make ideal model systems for the study of
interactions between plate-shaped particles, due to the ease in tuning their electrostatic repulsion with the
concentration of the salt. Numerous gel and sol structures are possible, including nematic liquid crystalline
order, although only qualitative identification of the latter in clay colloids has been available so far. We present
synchrotron x-ray diffraction from gravity dispersed solutions of Na fluorohectorite, a synthetic swelling clay,
over a large NaCl concentration range. Our use of liquid scattering techniques allows us to identify regions in
which particles reorient from horizontal to vertical alignments in strata coexisting at different heights within
the sample. We identify two distinct gel regions characterized by differences in orientational anisotropy and
domain size. Our results provide direct evidence for nematic order, as well as unique structural information
regarding particle morphology and alignment within each of the colloid phases.
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I. INTRODUCTION pensated by positive charge at the particle edges, it is sur-
mised that the particles are connected in edge-to-face con-
Clay particles dispersed in salt solutions have been studigurations[Fig. 1(c)]: the result is an isotropic, so-called
ied for decades, in part to learn how to control technologi-‘house of cards” structure that has inspired many theoretical
cally important clay suspensions, and in part because theipvestigations[5], although most recent experimental work
are diverse, tunable examples of plate-shaped colloidal pahas failed to support this model.
ticles [1]. The versatility of clays comes from their layered ~ Perhaps the most interesting structural correlations that

microstructure and platelet morphology. The individual par-May be expected are those of liquid crystal phases. There has

ticles are composed of one or more silicate lamellae thagfen particular interest in nematic phases, which would ex-

stack by sharing exchangeable cations between their fac bit parallg! orientation of the platelets bgt have no long-
[Figs. 1@ and 1b)]. Although the layered subunit is crys- rar11nge hp?ts‘g'on?l] or?e\EG]r. tl)]; tfher sy:itelm Ls rﬁage i(\j/(ieﬁse
talline, relative registry and orientations between lamellae"oUd"N. It DECOMES favorable Tor particies to align, giving up

are usually quite disordered. Substitution of metals eithePnematlonal entropy in exchange for much greater positional

ithin the silicate | t th h bl " it entropy. Thus, in plate colloid systems, a transition from an
Wi dm € sl 'C? © a);]er or i ifexc ?ngeba € ca '0? S| sotropic to a nematic phase is expected at a critical particle
produces a surface charge that aftects the absorption of Watgp,qit 17]. The salt concentration plays a subtle role here in

into the interlayer space, and hence controls the layer spacingygition to determining the overall magnitude of repulsive
[2]. These features determine a net negative surface charggces pecause the spatial extent of electrical diffuse layers
for the particle, and in combination with the particle size andmogifies the effective anisotropy of the interacting particles
the interactions with the screening salt in solution, producggj.
wonderfully rich phase behavior in the clay suspensions understanding the role of salt in stabilizing dense clay
[3,4]. phases can have practical significance. For example, “quick-
The complexity arises from the several ways in whichclay” soils composed of illite particles, originally sedimented
attractive and repulsive forces may play out. When van dein salt water, can be progressively destabilized by subsequent
Waals attraction between the particles is balanced by electro-
static repulsion, particles can remain dispersed, settling only
slowly out of solution. lons from an electrolyte, if present,
can screen the repulsive forces between particles and allow
them to aggregate together. This aggregation or “floccula-
tion,” may cause the particles to quickly settle out of suspen-
sion. On the other hand, attracted particles may join to form
extended networks, resulting in gels. Because the particles
will, in general, have a negative surface charge partly com-

Coa

FIG. 1. (a) Generic smectite structure showing oxygen)(

fluorine (@), and exchangeable catiom | sites(after Ref.[2]). (b)

* Author to whom correspondence should be addressed. ElectronMicron-scale clay particle formed from stacked lamellé@. Face-
address: dimasi@bnl.gov to-edge and edge-to-edge aggregation of clay particles.

a. C.
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fresh-water rinsing: here, the consequence of reduced salt 5 — v
concentration is literally a sinkhole or landslide. Much effort
has gone into relating the structural and rheological proper-
ties of clay-salt suspensions to optical observations, which
find birefringent domains with defect textures characteristic
of nematic liquid crystal$3,4,9. Small-angle neutron scat-
tering measurements have also suggested the presence of lo-
cal orientational correlations in smectite clay ggl§]. Di-

rect in situ structural evidence for parallel alignment of
platelets, however, has not been obtained.

In this paper, we describe suspensions of the synthetic 2:1
smectite clay Na fluorohectorite (Na-Fh) in aqueous NaCl
solutions. Like natural hectorite, Na-Fh is a swelling clay
that incorporates a variable amount of water in the interlayer
space, resulting in a change in lattice constant along the
stacking direction. Na-Fh has a rather large surface charge of
1.2 e /unit cell, compared, for example, to other synthetic

smectites such as laponite (Oed/unit cell) [11]. Na-Fh also . )
has a quite large and variable particle size of up to FIG. 2. X-ray scattering pattern of clay geD} and sediment

20000 A in diameter, and compared to natural clays such &™) strata. Powder peaks from the clay particles are superimposed
montmorillonite, might be expected to have a more homogegn_the bulk strl_Jcture factors of glags- -)_and water. Inset: sc_at-
neous composition and charge distribution. The polydisperle”ng geometries parallel and per.pendlcule.\r to the stra.ta in the
gample tube. Anglea and B are defined relative to the horizontal

o clay gel
— sediment
2 bt | empty glass tube

x—ray intensity (normalized to incident beam)

sity in particle size makes the Na-Fh suspensions particularl . . )
interesting, because gravitational forces effectively sort th lane. The scattering anglegds relative to the path of the direct
feam through the sample.

particles by size, stabilizing in some cases several strata o

gels, sols and/or sediments within a single sample tubghonochromatized at 19 keV, or an x-ray wavelength of 0.653
[12,13. The strong influence of polydispersity in particle A |ncident slits restricted the beam spot size to 0.4
size and aspect ratio on the phase diagram of plate colloids ig 0.4 mnf. The instrumental resolution was determined
the focus of numerous recent articleist—17. principally by 0.5<0.5 mnf slits before the Nal single
Our aim is to learn about the structural correlations in thischannel detector, 600 mm from the sample.
system, and, in particular, conduct synchrotron x-ray scatter- A feyw days before the x-ray experiments, the suspensions
ing experiments that are sensitive to the orientation of th§yere shaken thoroughly and poured from their original con-
particles. For example, edge-to-face flocculation would retainers into glass tubes8 mm in diameter, with wall thick-
sult in random orientation of the particles, while in a nematichesses of 0.2—0.3 mm. In some cases, water had evaporated
liquid crystalline phase, the platelets would be parallel tofom the original mixtures, increasing the NaCl concentra-
each other. Because the sample tubes cannot be tilted in thgn by up to 5% from the nominal one. Since the experi-
x-ray beam without disturbing the boundaries between thenents on each sample took from one to two days, the last
strata, we have made use of a specialized spectrometer dgsmples studied had a week or more to settle, while those
signed for the study of liquid surfacgs8]. It is worth point-  easured first had been sitting only for a few days after
ing out that while some basic information is available on thebeing remixed. This was enough time for the strata to stabi-
structure and hydration behavior of this clayl], a complete jize as judged by boundaries visible to the eye that remained
investigation of the crystallography remains to be done. Iyt 5 fixed height. However, some of our x-ray results suggest
interpreting the diffraction patterns in this work, we rely on that settling or gellation was still occurring within these
our own studies in progress on powder diffraction from drystrata on some samples. Unless noted otherwise, we present
Na-Fh [19] and temperature- and humidity-dependent dif-here results only from samples that seemed to be stable on
fraction from partially oriented pressed samp|@6], along  the scale of ten hours or so. All samples were reexamined

with the available published literatuf@1]. five months later, and at this time the gel regions took up
much less volume than in our x-ray study, with much larger
Il. EXPERIMENTAL METHODS volumes of clear liquid at the tops of the tubes. Clearly, a

complete characterization of the system will require addi-

Fluorohectorite clay was purchased from Cornii®l] tional studies of samples mixed in their x-ray holders and
and ion exchanged through dialysis to produce Na-allowed to relax for considerably longer times.
fluorohectorite having the nominal chemical formula Different strata within each sample tube were positioned
Nag gM0, 4LigeSi4O19F>. Solutions were prepared having in the beam by means of an elevator stage. Since the beam
2.91-2.94 wt% clay in NaCl concentrations ranging fromwas 0.4 mm in height, we typically took sample height steps
1.0<10 * to 1.2x10 2M. X-ray scattering measurements of 0.5 mm or larger. We made measurements in two different
were carried out using the CMC-CAT liquid surface spec-scattering geometries, as shown in the inset of Fig. 2. With a
trometer at beamline 9ID-C at the Advanced Photon Sourcdevel incoming beanfparallel to the strata, witlx=8=0),
Using the third harmonic of the undulator, the x-rays weremomentum transfer in the horizontal plane is a function of
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scattering angle @ around a vertical axis: g 0.004 " ' '
=(4m/\)sin(20/2). Momentum transfer along the vertical g ' '
direction is achieved by tilting the beam down at an angle io.s-
to the strata, while detecting x-rays scattered upwards at 0003} Zo4} ] .
angleB, with 26=0: g, =(2#/\)(sina+sinB). By mea- g Eoz
suring intensities of (00) Bragg peaks in both geometries, 3 e
we can determine the relative populations of clay platelets in - 0 a0 255 270
two orientations: horizontdthose lying parallel to the strata, g 00021 ' ' ' |
as if flat on the floorand vertical(as if standing upright on x 20 {degrees)
edge. = i
0.001 A Al sediment
2 o Al gel
lIl. EXPERIMENTAL RESULTS § I M ngime"t
A. Peak positions and line shapes 0 . ? Ao sediment
0 002 004 006 008 010 012

The positions and line shapes of the peaks provide spe-
cific information about the clay particles’ structure and mor-
phology. Scattered intensity as a function gf at several FIG. 3. Wiliamson-Hall analysis based on Lorentzian full
heights within one sample tube is shown in Fig. 2. The solidwidths at half maximum of00L) peaks for several layers. Labels
line shows scattering from the dense sediment at the bottom1, A4, and A6 refer to NaCl concentrations of ¥3072,8.0
of the tube, and is equivalent to a powder diffraction patternx 103, and 1.0<10 3M respectively. Inset: typical001) peak
of the clay superimposed on the glass/water background©) with Lorentzian fit(—).

Scans taken through a gel region in the middle of the tube

(circles, where the sample is viscous and cloudy, are idenied, some have001) peaks that are broader than this by a

&C;;Lf(%;?ih%ﬁée eo)]:Ct:I?[ ;‘(l)grutrheeti?] ttgnesé’)%a]gte;rgg fro;nalf Uactor of 4 or so, which we interpret as the segregation of
’ P gg peax. - g aller particledminimum thickness=400 A) into those

The dashed line shows the contribution from empty glass . . . :
The bulk water background is reduced by 75% in the sedi_Strata. We also find a slight broadening of the higher order

ment relative to the gel region, implying that the clay occu-peaks’ which may be an effect of particle size polydispersity
pies about 25% of the volume in the sediment. or of strain. The roughly linear dependence of peak width on

N sing for the (001), (002, and (003 peaks of various
The (HKO) peaks,_ such as 1820 peak '?‘be'ed n F'g'. samples, shown in Fig. 3, is consistent with a strairYc
2, have an asymmetrical shape characteristic of clay particles ; .
. ; ~1.5%/23]. Further measurements will be required to make
with disorder in the layer plan@2]. These peaks are sharper : :
stronger statements about the effects of strain and particle

than the basal peaks, and are broadened by the resolutlc%lpZe in this system.

chosen for this study. Since no crystallographic refinements ) _

: . We find that thg(001) peak always appears at 0.42
of this .Clé.ly are yet available, and because the present StUdcyorresponding toezgt Iat)tige constar¥t ofpf5.0 A. This is}S;he
has a limitec range and a very large background, we do nOtIargest of threec lattice constants observed so far for Na

attempt here to determine the structure factor that produceﬂ%uorohectorite which when dried at high temperatures has

these lineshapes.
. . . c¢=9.7 A, and can also be hydrated under cooler and more
The (00.) peaks are well fit by a Lorentzian line shape, humid conditions into states having=12.4 and 15.0 A

as shown in the inset of Fig. 3 for a two-theta scan of the[ .
: . . : " 111,19,2Q. Taken together, our observations on the peak po-
(001) peak in a sediment layéopen circles The instrumen sitions and widths tell us that the particles in solution are

tal resolution was optimized for thi®021) peak by narrowing .
the detector slits until no peak broadening was apparent, ancarrrrlz?lfaelds(i)lrcgteel ! I(;%Setl?glezegvsetﬁc\lfvshgr: zd?s 1eOr(s)ec()1If ;[rTewf;tne .
then further closing them by a factor of 2. In the analysis that, . " : P : L
: - .._this clay has no ability to hydrate further or to exfoliate in
follows, the (0Q) peaks are characterized by Lorentzian fits . L .
) . ; the solution, at any NaCl concentration investigated here.
with a linear background. Because the scattering angles a

small, no corrections were made for the slight differences inI:renls behavior is probably due to the large intrinsic layer

x-ray intensity or absorption that could arise from variationsChar(:’]e of Na-Fh, which does not permit further separation of

in tube widths or path length of the beam through the water'Fhe silicate layers from the intercalated cation.

No corrections for instrumental broadening have been ap-
plied to the data. Polarization of the synchrotron beam,
which leads to a factor of 0.95 for the largest scattering angle By comparing intensity measured in the two different
of 26=12.5, has also been ignored. scattering geometries, we can see that particle orientation as
The narrowest001) peaks have a Lorentzian full width at well as density changes as a function of height in the tube. In
half maximum of A(260)=0.023°=0.4 mrad or Aq Fig. 4, we show raw intensities at ti@01) peak position as
=0.004 A"l We estimate the clay particle thickness asa function of sample height, in a tube having three strata
2w/Aq=1600 A, identical to our observations for dry pow- discernible by eye. The top curves present a time series taken
ders and pressed sampld®,20. Among the regions stud- over 13.5 h, with the spectrometer aligned to scattering in the

sind

B. Scattering geometry and particle reorientation
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10° ; ; ' ' particles that are horizontglthe ¢ axis must be aligned

sediment 26=2.48° within 0.1 degrees to the momentum transfer, to scatter into
—00:00

our resolution volume The (001 intensity ing is propor-
tional only to those vertical particles who&@01) axes have
the correct azimuthal orientation, as the inset of Fig. 4 sug-
gests. We, particularly, want to note a kind of deceptive
asymmetry in the use of the words “horizontal” and “verti-
cal.” The phrase “vertical particles” would ordinarily apply
to the entire set of azimuthal orientatiofifor example,
imagine their(001) Bragg peaks distributed along all points
of an equatorial ring It is very important to note that our
two scattering configurations probe equal fractions of the
possible particle orientations. “All” of the horizontal par-
ticles have(00)) reflections that point straight up into a small
- - - - resolution volume. A “small fraction” of the vertical par-
10 0 %0 7 % ticles have(001) axes pointing in a particular direction in the
sample height (mm) - . . R
horizontal plane, into an equal resolution volume. While it is
FIG. 4. Intensity at thg001) peak position as a function of Possible that particles in the gel regions have a preferred
beam position in the tub&ata are shifted for clarijy for sample  azimuthal orientation, this was not investigated experimen-
with 1.0x 10" 3M NaCl. Top series: time dependence of peakyin  tally. In future work, it will be advisable to integrate over the
showing density variation with height as the sample settles and gelgertical particles with a rotation of the sample, as well as
Bottom curve: peak iy, demonstrating the reorientation of the perhaps to devise a less Confusing nomenclature.
clay_ partic_les(sge text Insets _iIIustrate the relationship between = The orientational anisotropy depends strongly on the salt
particle orientation and scattering geometry. concentration. Figure 5 shows integrat@®1) peak intensi-
ties (top panels and full widths at half maximuntbottom
8anel$ for four different NaCl concentrations. The vertical

=)
L

1072

107}

<
1

(001) peak intensity (arbitrary units)

<
wn

horizontal plane &= 8=0,20=2.48°). The resulting inten-
sity comes from that subset of vertical particles that have th . ; P ,
correct azimuthal orientatiofFig. 4, inset at top The zero ~dashed lines separate sediment, gel, sol/gel, and “water
position of sample height is set at the rounded end of thétrata_as discerned by eye. “Water” refers to a clear solution
tube, which is uniform in width above 6 mm or so. The in Which clay Bragg peaks were generally too weak to be
intensity drops by an order of magnitude from the denséhsnngwsheq from the backgroun.d.The. label “vertlcgl plate-
sediment £<10 mm) to the gel region just above it (10 Iets_" (open circleg refers to(001) mtensﬂy_scattered in the
<z<36 mm), and drops again to near-background levels iftorizontal plane and measured as a functiogofThe (001)

a third sol/gel layer (36z<80 mm). These designations peak of a “ho_rlzontal platelet{closed circlesis character-
refer to the sample appearance, which goes from a powdefged by scanning|, . Measurements of th@20) peaks at the
sediment at the bottom, to a very viscous cloudy region, an§ame sample heights showed qualitatively similar orientation
to a translucent white liquid above, that became viscous aftefépendence. _ _

about a week. The intensity variations on the scale of milli- _Differences in integrated intensity are due to the com-
meter in the gel persist over tens or hundreds of minutes, an@ined effects of density and particle orientation. In principle,
are apparently due to density variations in the gel as it reX-ray analysis can be used to obtain both the density and the
laxes. A sample height scan configured for horizontal plateParticle orientation of these clay gels. Unfortunately, inde-
lets is shown in the bottom curvexE B=1.24°,29=0). pendent measurement of the_ density of the clay suspensions
The same boundaries in sample height are present, but i¥/@s not possible to obtain either by x-ray absorption or by
stead of a monotonic decrease in intensity with samplécattering under the present experimental conditions. Gener-
height, an increased intensity is found going from the middiedlly, absorption is dominated by the water. For the sediment
layer to the top layer. This is direct evidence of particle re-at the bottoms of the tubes, irregularities in the glass, which
orientation: while the density in the top layer may indeed bel@s approximately the same mass absorption coefficient as
lower than that of the middle one, the absolute number ofhe clay, made quantitative assessment impossible. Since the
horizontal platelets, with theif001) axes aligned perpen- Structure factor of this clay is not yet known, measured peak

tively, we can see that the intensity from horizontal platelets

makes a relatively large contribution in the sediments, drops
markedly in the gels, and in some cases increases again in
By fitting background-subtracte@®01) peaks in the two the sol/gel regions.

scattering configurations, we can assess the relative popula- The simplest quantitative relationship between the two
tions of horizontal and vertical platelets as a function ofscattering configurations is the case of an isotropic phase,
sample height. It is important to emphasize an essential difexemplified by the sol/gel regions in Figs(ab and 3b).
ference between the two scattering geometries. The intensityere, all particle orientations are equally probable and, there-
found at the(001) position inq, will be proportional to all  fore, the scattered intensity will not depend upon the direc-

IV. ANALYSIS
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10° . . . . .
= 1.0x107* Molar NaCl = 02 8.0x1073 Molar NaCl
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tion of the momentum transfer. Intensities as functiongof particles that are aligned with their planes in the gravitational
andq, are equal, as expected. In the sediments, the samplégld, but are not necessarily parallel to their neighbors. We
also appear to be essentially isotropic, with a slight tendencyegard the nematic order as the correct explanation, however.
towards predominance of horizontal particles at the bottomInteractions with the tube walls are presumably responsible
In the gels, differences in the two sets of measured intenfor the overall vertical alignment. The gel region of Figc)b
sities clearly show that the samples are anisotropic. Ratios @ppears to be different from those of the other three samples.
the scattered intensity from vertical vs horizontal particles inThe intensity ratios are always less than a factor of 5, be-
the gels of Fig. &), 5(b), and gd) range from 10 to 100. As coming less than unity towards the tube bottom. In this case,
we remarked above, it is very likely that we are scatteringaligned domains may persist over much shorter length scales,
from only a tiny fraction of the vertical particles, since we coexisting with others oriented along different directions.
are sensitive to only those with the correct azimuthal orien- From the plotted peak widths, we can observe changes in
tation. Thus, the measured anisotropies of 10—100 are only the typical particle thickness among the strata. First, we see
lower bound and the real anisotropy may be several orders @hat the bottoms of the sediments are always composed of
magnitude greater. Thus, the gel regions of these threthe thickest particleghose having the narrowe01) peaks
samples are composed almost entirely of vertical plateletsf ~0.04°]. The particles in suspension at low salt concen-
with a rather uniform distribution. This orientational anisot- trations are significantly thinner, with peaks broader by fac-
ropy is required for nematic order, though not strictly equiva-tors of two to four[Figs. 5a) and 5b)]. By contrast, at
lent with it. In principle our data are also consistent with higher salt concentrations, the thickest particles occur in the
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+ gir boundary ' ' small domains there may be a net cancellation of birefrin-
v Zg::mg ggﬁgggg ] gence. Furthermorg, opt|qal observations are frequently pre-
o gel-sol boundary vented by opacity in colloidal systenj25,26. By contrast,
¢ sediment—gel boundary the x-ray measurements average over the entire sample illu-
10r + o4 minated by the beam. As a result, we can asses the overall
< / uniformity of the anisotropic gel regions in Figsias 5(b),
3 and Hd) and the rather different behavior of the “small do-
= isotropic sol/gel NG main gel” of Fig. 5c) with its smaller and position-
e ! : dependent anisotropy. The orientationally-sensitive Bragg
§ 05r Dsmal 1] scattering we present here also provides complementary in-
idomﬂi”i formation to small-angle scattering. The layers and columns
! ol : of smectic or columnar liquid crystals produce peaks at small
NG (nematic gel) ! ! scattering angle$17,25,26 while the Bragg technique can-
0,/———0\0/0 not distinguish between these phases and the nematic one.
0r sediment T However, the nematic phase is positionally disordered and
: : : has no clear signature at small scattering angles, but is
107 2 s 107 2 s 1072 readily identified in the present measurements.
NoCl concentration (Molar) Since the stability of various types of liquid crystalline

FIG. 6. Phase diagram relating vertical positions of phaseorder depends upon the size dispersity, it is important in

boundaries to NaCl concentration. Heights have been converted l%olydlsperse systems.to find out f[he extent to which different

relative volumes taking the varying tube diameters into account>'2€S aré segr_egated_ln the solution. A strength O.f the present

Lines are guides for the eye. study is the o_llrectn situ measurement of t_he particle thick-
ness, as estimated from th801) peak widths. Our data

1§how that the particles stabilized in the anisotropic gels at

ow NaCl concentrationfFigs. 5a) and §b), lower panel$

are, on average, thinner and more polydisperse than those in

the salt-rich gel§Figs. 5c) and §d)]. Since the high- and

V. DISCUSSION low-salt regions are separated by the “small-domain” gel

The phase diagram of Fig. 6 summarizes the reIationshiH‘at is apparently much Iess.anisotropic than those e_Isewhere
between NaCl concentration and vertical positions of phas&! the phase diagram, we might speculate that a delicate bal-
boundaries. Heights have been converted to relative sampf¥Ce exists between ionic strength and particle size in this
volumes by taking the tube widtHsvhich vary from 6.5 to ~ '€gion. At pre_sent, we do _nqt know how the plates’ dlameter_s
9.5 mm into account. The sediment, nematic, and isotropicSc@le with thickness, so it is not clear whether a change in
regions are identified clearly, and obviously depend stronglparticle anisotropy plays a role here. To address this and
on NaCl concentration. As we remarked above, our measuré€ther questions in the present tantalizingly incomplete phase
ments were made within a week or two of the sample prepadiagram, a high-resolution study of th&1K0) peaks is
ration, while reports on other clay gel systems report O|y_planned, in cgmb|nat|on.W|th further crystallograpmc, small-
namic processes continuing over months or even yi@als ~ angle scattering, and microscopy studies.

After five months’ further settling time our samples had

changed substantially: to the eye, one or tvs{o gels occu_pied VI. SUMMARY

very small volumes above the sediments, with large regions

of clear supernatant liquid. Since the volumes occupied by We have studied gravity-dispersed phases in suspensions
each phase are determined by the speed of gellation or floof the synthetic clay Na fluorohectorite in agueous solutions
culation, we can understand the absence of the isotropic sadf 10"4—10"2M NaCl. Two distinct anisotropic gel regions
gel in the salt-rich regions of Fig.(®§ and 5d). Here the have been identified. One is a nematic gel in which most
high ionic concentration leads to more rapid settling, just agparticles are aligned vertically, and the resulting orientational
similar NaCl concentrations of 0.01-041were found to anisotropy is uniform throughout the whole extent of the
flocculate solutions of bentonite and laponite, clays that formayer. The second gel is characterized by a small and nonuni-
gels when the NaCl concentration is low8t4,8. Nowhere  form anisotropy in particle orientation, suggesting the pres-
in the Na-Fh/NaCl system do we find a stable isotropic gelence of smaller aligned domains. Higher NaCl concentra-
and this is further evidence against the “house of cardsions were found to have two clear effects. An isotropic,
model. slowly gelling suspension was stable over two weeks af'10

Our scattering measurements reveal information compleand 10 M NacCl, while at 8<10™2 and 1.3< 10 >M NaCl
mentary to other techniques, especially as regards the nemapid flocculation of this layer occurred. Also at higher NaCl
atic gel. Previous identification of nematic order has reliedconcentrations the gels were composed of thicker and more
upon optical observations of birefringence through crossednonodisperse particles. No evidence was found for stable,
polarizerd 3]. In such observations, some assessment can kisotropic gels composed of aggregates having the “house of
made of domain size&f they are large enoughand align-  cards” structure. Further investigation of the system and the
ments. It is notable, however, that in the presence of manyparticle morphology is underway.

gel regions. We find no systematic dependence of particl
thickness with orientation.
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